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Summary
Objective: To determine the performance of a newly developed examination chair as compared with the clinical standard of assessing internal
rotation (IR) of the ﬂexed hip with a goniometer.
Methods: The examination chair allowed measurement of IR in a sitting position simultaneously in both hips, with hips and knees ﬂexed 90,
lower legs hanging unsupported and a standardized load of 5 kg applied to both ankles using a bilateral pulley system. Clinical assessment of
IR was performed in supine position with hips and knees ﬂexed 90 using a goniometer. Within the framework of a population-based inception
cohort study, we calculated inter-observer agreement in two samples of 84 and 64 consecutive, unselected young asymptomatic males using
intra-class correlation coefﬁcients (ICC) and determined the correlation between IR assessed with examination chair and clinical assessment.
Results: Inter-observer agreement was excellent for the examination chair (ICC right hip, 0.92, 95% conﬁdence interval [CI] 0.89e0.95; ICC
left hip, 0.90, 95% CI 0.86e0.94), and considerably higher than that seen with clinical assessment (ICC right hip, 0.65, 95% CI 0.49e0.77; ICC
left hip, 0.69, 95% CI 0.54e0.80, P for difference in ICC between examination chair and clinical assessment 0.001). The average range of
motion (ROM) obtained with examination chair and clinical assessment were similar (difference 1.1, 95% CI e 0.7e2.8, P¼ 0.23), and the
correlation was strong (Pearson’s coefﬁcient, 0.75, 95% CI 0.62e0.84).
Conclusions: The use of the examination chair resulted in a precise assessment of hip IR in our population-based inception cohort study of
young asymptomatic males. It was strongly correlated with standard clinical assessment of IR but was considerably more reliable.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Hip osteoarthritis (OA) is a common form of joint disease
and a leading cause of pain and disability in older people.1
Based on a population-based survey in Johnston County,
NC, it has been estimated that among US adults ages 45
and older, the prevalence of radiographic hip OA is 27%.2
The etiology of hip OA is multifactorial.3 Current classiﬁca-
tion systems differentiate idiopathic OA in individuals with-
out established risk factors from secondary OA, which
may result from trauma, or metabolic, inﬂammatory, or de-
velopmental diseases.4 Recently, it was proposed that the
majority of cases of hip OA traditionally classiﬁed as idio-
pathic may in fact be secondary, due to subtleaBoth authors contributed equally to this work.
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365developmental abnormalities such as femoroacetabular im-
pingement.5,6 The ‘cam’ type of femoroacetabular impinge-
ment is found predominantly in males. It is caused by
a deformity of the femoral head and neck, with a nonspher-
ical extension of the femoral head and/or a decreased
headeneck offset.7 The increasing radius of the femoral
head entering the acetabulum results in shearing forces at
the acetabular cartilage, especially during ﬂexion and inter-
nal rotation (IR). High velocity movements, frequently occur-
ring during athletic exercises, may result in an outside-in
abrasion of the anterosuperior acetabular cartilage and to
an avulsion of the cartilage at the labrum and of the sub-
chondral bone at the anterioresuperior rim.8 The most fre-
quent location of the deformity is the anterosuperior
region. A limited range of motion (ROM) in IR is a standard
criterion of the American College of Rheumatology for the
assessment of hip OA.9 However, 100 years ago, Pre-
isser10 suggested that limited IR was not only a sign of man-
ifest hip OA, but a precursor, actually detectable before
symptomatic hip OA occurred. Subsequently, it was recog-
nised that a limited IR of the hip in symptomatic individuals
366 S. Reichenbach et al.: Validation study for examining internal rotation of the hipmay suggest the presence of a cam type deformity with
a nonspherical extension of the femoral head and a de-
creased anterior headeneck offset,6,11 which in turn may
result in the development of hip OA.12,13 IR may therefore
not only be useful in the assessment of individuals with
manifest disease but valuable for detecting asymptomatic
individuals without established radiographic signs of OA,
who are at risk to develop secondary OA caused by cam
type impingement mechanisms. However, the usual clinical
assessment of IR with a goniometer has limited reproduc-
ibility14 because of measurement error and potential sys-
tematic differences in the use and interpretation of the
goniometer between observers. Random misclassiﬁcation
due to measurement error will result in bias towards the
null, i.e., an underestimation of associations between initial
clinical features and subsequent radiographic or clinical out-
comes. Systematic differences in the use or interpretation of
the goniometer may result in both, an under or overestima-
tion of associations. A more precise, reproducible assess-
ment of IR would therefore be desirable in routine clinical
settings to ensure reliable clinical classiﬁcation of patients,
and in epidemiological studies to minimise bias.
Several techniques were developed in recent years, in-
cluding the use of an inclinometer15 or a plurimeter14 to
measure IR in the supine position. Other techniques used
a sitting position, with legs of examined individuals unsup-
ported over the edge of a bed or a chair, assessing IR
with a plurimeter,16 goniometer,17 or an inclinometer.18
The use of plurimeters14,16 and inclinometers15,18 by expe-
rienced research staff with formal clinical training in ortho-
paedics or rheumatology may increase reproducibility.
However, their use has not gained wide acceptance in rou-
tine clinical settings and has not been established in epide-
miological studies, which typically are subject to time
constraints and may have research personnel with only lim-
ited training in one of the relevant clinical ﬁelds, such as or-
thopaedics or rheumatology.
This paper describes an examination chair as a new and
simple device to be used by research staff with limited clin-
ical training in time constrained settings to measure ROM of
passive IR of the hip joint in a sitting position. Our analysesFig. 1. IR measured by a new device. The participant is placed on a cdetermined the chair’s performance as compared with the
clinical standard of assessing ROM of IR in a supine posi-
tion with a goniometer.MethodsPARTICIPANTSParticipants in this study were consecutively recruited from a large popu-
lation-based inception cohort study of young males undergoing conscription
for the Swiss army.19 All male individuals in Switzerland, regardless of their
health status, are required by the Swiss army to attend a 3-day recruitment
process in specialized centers. Consecutive individuals seen in one center
were asked to participate in this study. Participants were excluded if they
had had an operation of the hip joint, an inﬂammatory or metabolic rheumatic
disease, or a history of hemophilia. Participants completed questionnaires
pertaining to pain, stiffness, and physical function, using the respective sub-
scales of the Western Ontario and McMaster University Osteoarthritis Index
(WOMAC, version 3.1).20 The WOMAC pain subscale ranged from 5 (no
pain) to 25 (most severe pain), the WOMAC stiffness subscale from 2 (no
symptoms) to 10 (severe symptoms), and the WOMAC function subscale
from 17 (no function impairment) to 85 (most severe function impairment).
Approval for this study was obtained from the Research Ethics Committee
of the Canton of Bern. Written informed consent was obtained from all par-
ticipants prior to the data collection.ASSESSMENT OF IR USING EXAMINATION CHAIRIR was measured on an examination chair that allowed ROM measure-
ment in a sitting position, with the hips and knees ﬂexed 90 and the lower
legs unsupported over the edge of the bed (Fig. 1). To prevent compensatory
movements, the pelvis was stabilized using a belt to secure it to the chair. A
second belt was placed around the knees to ensure that the thighs remained
parallel to each other. Stretching increases the passive ROM of IR.17 There-
fore, a standardized load of 5 kg was applied to both ankles simultaneously
using a bilateral pulley system, and IR of both hips was measured after an
adaptation period of 30 s. The choice of 5 kg was based on the results
from pilot investigations in asymptomatic individuals with healthy hips in
whom variable loads ranging from 2 to 10 kg were used. 5 kg appeared to
be the optimal compromise between the passive ROM attained and the level
of discomfort experienced by the examined individuals. The loads were ap-
plied at the ankles, 3 cm above the transmalleolar axis, through slow manual
release of a pulley system with inextensible cables and straps (Fig. 1). The
choice of an adaptation period of 30 s duration was in accordance with the
American College of Sports Medicine’s Guidelines for Exercise Testing
and Prescription.21 Ten seconds of static stretching are generally sufﬁcient
for an adaptation of Golgi tendon organs, with no relevant difference in the
ROM between 10, 20 and 30 s.22 30 s were deemed sufﬁciently long forhair, with the hip ﬂexed at 90. See text for detailed description.
367Osteoarthritis and Cartilage Vol. 18, No. 3the muscle to stretch, the participant to relax and the maximum ROM to be
achieved.17 The ROM was measured using a protractor ﬁxed to the chair.
The arm of the protractor was set parallel to the longitudinal axis of the lower
leg, and the angle between the vertical null position and the protractor used
to calculate IR. Participants were required to wear shorts or non-restricting
clothes.CLINICAL ASSESSMENT OF IR USING GONIOMETERThe clinical assessment of IR with a goniometer was considered the clin-
ical standard. The participant was in supine position on an examination table,
with the hip passively ﬂexed at 90 (0 position). The examiner then rotated
the hip internally with the lower leg held parallel to the coronal plane of the
patient, while avoiding abduction (Fig. 2). The maximum angle was mea-
sured using a two-arm goniometer after maximal passive IR was achieved.
The goniometer (Kirchner & Wilhelm GmbH þCo, Asperg, Germany) is
a plastic short-armed (35 cm) instrument with a 180 scale marked in 1 in-
crements. The center of the goniometer was positioned over the midpoint of
the patella, with one arm set along the longitudinal axis of the lower leg de-
ﬁned by patellar tendon and tibia axis and the other arm set parallel to the
sagittal plane.23,24 A research technician recorded the angle between longi-
tudinal axis and sagittal plane of the patient. The measurement was per-
formed twice, with the leg returned to the neutral position before the
second measurement was recorded and the mean of the two evaluations
was used.PROCEDURESFor logistic reasons, two inter-observer agreement studies were per-
formed separately for examination chair and clinical assessment with
the goniometer in independent samples of consecutive participants. Two
observers, a rheumatologist (SR) and a research technician, measured
IR independently on the examination chair in the ﬁrst sample, two other
observers, an experienced senior orthopaedic surgeon (RG) and a physi-
cian trained in rheumatology (PJ), measured IR with the two-arm goniom-
eter independently in the second sample. Measurements took place on
the same day using the same devices, with all observers blinded to
each other’s measurements. The participants included in the second
inter-observer agreement study of the clinical assessment with the goni-
ometer were additionally assessed on the examination chair by an
independent observer (SR), who was unaware of the assessments of
the other observers.Fig. 2. Clinical assessment of IR, with the participant in supine positio
abduction ofSTATISTICAL ANALYSISUsing a two-way analysis of variance we calculated intra-class correlation
coefﬁcients (ICC) as a measure of inter-observer agreement. ICCs are esti-
mates of the average concordance between different assessments25 and
values of >0.75 can be interpreted a s excellent, 0.4e0.75 as moderate,
and <0.4 as poor agreement.26 An ICC of 0.50 was expected for clinical as-
sessments with the goniometer14,16 and was considered the null value
against which the ICC of the examination chair was tested. We estimated
that a sample size of 65 participants would provide >80% power to detect
a minimal clinically relevant ICC of 0.70 for the inter-observer agreement of
the examination chair to exceed an ICC of 0.50 at a one-sided a of 5%.27
Then, we estimated two-sided p-values for the difference in ICCs between
examination chair and clinical assessment from approximate z-tests. We
quantiﬁed the magnitude of measurement error using the within-subject stan-
dard deviation (SD) zw and calculated repeatability coefﬁcients deﬁned as
2.77 zw. The difference between two measurements for the same hip is ex-
pected to be less than this coefﬁcient for 95% of pairs of measurements.28
Smaller repeatability coefﬁcients indicate that measurements of IR on the
same subject are less variable. BlandeAltman plots were used to display dif-
ferences between two measurements against their means, allowing visual in-
spection of the relationship between the magnitude of IR and measurement
error.29 If the measurement error is unrelated to the size of IR, a random
scatter can be expected. Then, we determined the correlation between ex-
amination chair and clinical assessment using Pearson’s coefﬁcient. Clinical
assessments with the goniometer were carried out in duplicate by two inde-
pendent observers, therefore, we randomly selected one assessment for
each hip. A correlation of >0.70 was considered to indicate a strong correla-
tion. All analyses were performed in STATA version 10 (Stata Corporation,
College Station, Texas).Results
1141 individuals were eligible for the study, and 1080
were included in the inception cohort study. Table I summa-
rizes the characteristics of the cohort. All participants were
young males with a mean age of 20 years and an average
body mass index (BMI) of 23 kg/m2. In general, they were
asymptomatic, as indicated by a low WOMAC score. Mea-
surements of IR on the examination chair typically took
3 min. The mean ROM of IR was 36.n and the hip ﬂexed at 90. Rotation is assessed while avoiding
the hip.
Table I
Characteristics of 1080 male volunteers
Characteristics MeanSD
Age (years) 19.9 0.8
Height (cm) 178.0 6.4
Weight (kg) 73.3 12.6
BMI (kg/m2) 23.1 3.8
WOMAC overall* 25.4 3.9
WOMAC pain subscale 5.2 1.1
WOMAC stiffness subscale 2.4 1.1
WOMAC function subscale 17.7 2.6
IR e right hip (() 35.9 6.7
IR e left hip (() 36.6 6.3
SD: standard deviation, BMI: body mass index, WOMAC:
Western Ontario and McMaster University Osteoarthritis Index,
IR: internal rotation (degree).
368 S. Reichenbach et al.: Validation study for examining internal rotation of the hip84 consecutive participants were included in the inter-ob-
server agreement study of the examination chair. Table IIA
presents means and SDs of IR, ICCs as measures of con-
cordance between observers, within-subject SDs as an es-
timate of the measurement error and repeatability. The
ROM of IR showed excellent agreement with ICCs of 0.92
(95% conﬁdence intervals [CI] 0.88e0.95) for the right hip
and 0.90 (95% CI 0.85e0.93) for the left. The estimated
measurement errors were low (within-subject SD 1.57 for
the right and 1.75 for the left hip), and no clear relationship
with the size of ROM measurement was found by visual
inspection [Fig. 3(A)]. Repeatability coefﬁcients of 4.8
and 4.9 indicated that the difference between two
measurements for the same hip could be expected to be
less than 5.
67 consecutive participants were included in the inter-ob-
server agreement study using the goniometer in supine po-
sition of participants (Table IIB). Inter-observer agreement
of was moderate with ICC’s of 0.65 (95% CI 0.49e0.77)
for the right hip and 0.69 (95% CI 0.54e0.80) for the left.
The estimated measurement errors were approximately
three times higher than for the examination chair. Accord-
ingly, repeatability coefﬁcients indicated that the absolute
difference between two measurements for the same hip
could be as high as 15. Figure 3B suggests a relationship
between measurement error and IR. The P-values for differ-
ences in concordance between examination chair and goni-
ometer were <0.001 for both hips in favour of the
examination chair.
Figure 4 presents a plot of clinical assessments with
goniometer on the x-axis against examination chair on the
y-axis in 67 consecutive participants. The correspondingTable I
Inter-observer agreement mea
IR (MeanSD) ICC
A. Examination chair
Observer A n¼ 84 Observer B n¼ 84
Right hip 36.9( 5.8 36.9( 5.4 0.92 (
Left hip 38.1( 5.5 38.4( 5.6 0.90 (
B. Clinical examination
Observer C n¼ 67 Observer D n¼ 67
Right hip 34.3( 7.5 36.4( 9.7 0.65 (
Left hip 35.8( 6.8 36.9( 9.9 0.69 (
IR: internal rotation, SD: standard deviation, ICC: intra-class correlatiocorrelation coefﬁcients were 0.75 for both hips (95% CI
0.62e0.84). The average ROM obtained with examination
chair and clinical assessment were similar (difference
1.1, 95% CI e 0.7e2.8, P¼ 0.23). With repeatability coef-
ﬁcients of 10.5 and 10.4 for right and left hip, however, the
absolute difference in IR between examination chair and
clinical assessment with the goniometer could be expected
to be as high as 11.Discussion
The examination chair presented in this study showed ex-
cellent inter-observer agreements, which were clearly
higher than those found for the clinical assessment. The
clear-cut differences in agreement did not translate into
a lack of correlation between the two approaches: a Pear-
son’s coefﬁcient of 0.75 suggested a strong correlation be-
tween the two approaches. Taken together, this means that
the examination chair measures the same clinical construct
as the clinical assessment, but with a considerable increase
in precision. The increase in precision means that bias to-
wards the null e resulting in an underestimation of associa-
tions between initial clinical features and subsequent
radiographic or clinical outcomes e is minimized. In addi-
tion, the variation in the use and interpretation across ob-
servers appeared minimal with the examination chair in
view of the small repeatability coefﬁcients. The examination
was fast and easy and could be performed by research per-
sonnel without full clinical training in a population-based re-
search setting.
Our study was adequately powered and our population-
based sample of young healthy men included the full range
of internal hip rotation, from under 20 up to nearly 60 of
ROM. In view of its wide use and acceptance, we consid-
ered the clinical assessment of IR using a goniometer as
the comparator in our study. Some may argue that we
should have compared the examination chair to assess-
ments with inclinometers15 or plurimeters.16 These tools
have not been widely adopted, however, neither in routine
settings, nor in clinical research, and lack appropriately
powered population-based validation studies in comparable
populations. The study was performed within the framework
of the baseline examination of a prospective population-
based cohort study, which aims at exploring the prognostic
importance of cam type femoroacetabular impingement for
the development of hip OA. Cam type impingement is pre-
dominantly found in males and the study was designed as
an inception cohort. Therefore the baseline examination
was restricted to young asymptomatic males who did not
have formal evidence of hip OA and our results may not
be generalizable to other populations, such as elderlyI
sures of internal rotation
(95% CI) Within-subject SD Repeatability coefﬁcient
0.88e0.95) 1.8( 4.8(
0.85e0.93) 1.8( 4.9(
0.49e0.77) 5.1( 14.2(
0.54e0.80) 4.7( 13.1(
n coefﬁcient, 95% CI: 95% conﬁdence interval.
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Fig. 3. BlandeAltman Plots of IR. Means of the two measurements of each subject’s IR on the x-axis are plotted against the difference in
each subject’s two measurements on the y-axis for A) the examination chair (n¼ 84 participants), and B) clinical examination using the
goniometer (n¼ 67 participants).
369Osteoarthritis and Cartilage Vol. 18, No. 3individuals or females. We assessed IR of both hips simul-
taneously, but this may not work in individuals with symp-
tomatic hip OA, particularly if the disease is unilateral: the
stretching of the painful leg could affect the ROM of the10°
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Fig. 4. Difference in assessed IR between clinical examination and exami
on the examination chair was plotted against the IR as measured via clinic
two measurements. Dashed linecontralateral healthy hip. Comorbid musculoskeletal condi-
tions found in elderly individuals, including problems with
the lower back and pelvis, may lead to discrepancies be-
tween assessments performed in sitting and supine10°
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nation chair for the right and the left hips. IR of the hip as measured
al examination. The dotted line indicates the correlation between the
s represent the 95% CIs.
370 S. Reichenbach et al.: Validation study for examining internal rotation of the hippositions. The sitting position is likely to offer better stabili-
zation of lower back and pelvis and to provide more comfort
to the patient than the supine position. Therefore, we would
give precedence to results obtained with the examination
chair in case of discrepancies. For logistic reasons, we
could not perform a meaningful intra-observer study: the
availability of participants during the process of conscription
was limited, and we were unable to do repeated ROM test-
ing with a sufﬁciently long interval between measurements
that minimized bias during the second assessment. The ex-
amination chair as a device has also several limitations. It is
large and may not be conveniently stored in a cabinet for
routine clinical use. However, the design can be improved,
making the device smaller and possibly foldable. Adjust-
ment of the protractor arm parallel to the longitudinal axis
of the lower leg must be done manually, and the reading
of the angle between the vertical null position and the pro-
tractor is done visually. Even though the ICCs for the in-
ter-observer agreement were excellent and much higher
compared with those found for the clinical assessment, au-
tomating these processes may reduce residual variation.
Therefore, we are currently developing an approach to-
wards measuring IR electronically.
Stretching may increase the passive ROM of IR.17 To our
knowledge, ours is the ﬁrst study to use a bilateral pulley
system to apply a standardized load to each ankle with
the aim of achieving maximum IR of the hips in the sitting
position after an appropriate adaptation period, which al-
lowed stretching of relevant muscles. As Bierma-Zeinstra
et al,15 we did not ﬁnd a relevant difference in the average
ROM assessed in sitting and supine position, but a marked
difference in inter-observer variation. In our view, this de-
crease in variation was mainly related to the belts used to
ﬁx pelvis and thighs and the standardized, symmetrical ap-
plication of a constant load to both legs simultaneously,
which minimized compensatory movements and avoided
asymmetries in procedures. A limited range of motion is
a standard criterion of the American College of Rheumatol-
ogy9 in the assessment of hip OA, with IR of <15 consid-
ered pathological. Future studies should determine whether
the examination chair evaluated in our study is also useful
in individuals with manifest femoroacetabular impingement
or symptomatic hip OA and whether the assessment of IR
can be used to identify asymptomatic individuals at risk of
developing symptomatic impingement or OA.
We conclude that the use of the evaluated examination
chair resulted in a precise assessment of the IR of the hip
in our population-based inception cohort study of young
asymptomatic males. It was strongly correlated with stan-
dard clinical assessment of IR with a goniometer, but was
considerably more reliable than the clinical assessment.Funding/role of sponsor
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